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L ABSTRACT
This is a 40-year perspective of the National Polyp Study
(NPS), a randomized clinical trial (RCT) sponsored by
the American Society for Gastrointestinal Endoscopy,
American Gastroenterology Association, and American
College of Gastroenterology and funded by the National
Cancer Institute with conceptualization and planning
starting in 1977 and accrual beginning in 1980. We re-
view how we approached challenges presented by the
introduction of colonoscopy and polypectomy, how
ns: CRC, colorectal cancer; DCBE, double-contrast barium
S, European Polyp Surveillance Study; NPS, National Polyp
randomized clinical trial.
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these findings influenced clinical practice and public
health, and how the NPS model was used to address
new challenges. Details of the NPS concepts, design, re-
sults, and discussion may be obtained from our previ-
ously published studies as cited in the references.1-9

The NPS was an RCT of the timing of surveillance inter-
vals after colonoscopic polypectomy. It also addressed
colorectal cancer (CRC) incidence and mortality reduc-
tion, familial risk for CRC, use of advanced adenomas
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Figure 1. Percentage of patients with advanced adenomas detected with 2
surveillance colonoscopies at 1 and 3 years (3%) versus with 1 surveillance at
3 years (3%) after baseline polypectomy (relative risk, 1.0; 95% confidence
interval, .5-2.2). Advanced adenomas are defined as adenomas >10 mm or
high-grade dysplasia or invasive cancer. Current guidelines define advanced
adenoma as �10 mm, with tubular villous or villous component, or high-
grade dysplasia.20 R represents patients randomized to 2 surveillance
colonoscopies over 3 years or 1 surveillance at 3 years. (From New
England Journal of Medicine, Winawer SJ, Zauber AG, O’Brien MJ, et al,
Randomized Comparison of Surveillance Intervals After Colonoscopic
Removal of Newly Diagnosed Adenomatous Polyps, 328:901-906. Copyright
ª [1993]. Massachusetts Medical Society. Reprinted with permission.)
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as a CRC surrogate, and implications of flat and serrated
lesions.
CHALLENGE THEN: CAN POSTPOLYPECTOMY
SURVEILLANCE INTERVALS BE LENGTHENED?

Colonoscopy had been introduced in the early 1970s, and
colonoscopic polypectomy was shown to be feasible in the
mid-1970s. Common practice was yearly colonoscopy after
the removal of adenomas. However, observations from
Lockhart-Mummery and Dukes10 and Muto et al11 of the
progressive pathology of adenomas and follow-up of a small
number of patients suggested that small benign adenomas
took a long time to progress into more-advanced pathology
and cancer. An RCT was designed in which patients with
newly diagnosed, resected, and pathology-proven ade-
nomaswere assigned to have their first surveillance colonos-
copy deferred to 3 years versus having a colonoscopy at 1
and 3 years.1,7 It was difficult to enlist endoscopists in a
trial in which the first postpolypectomy colonoscopy was
deferred to 3 years, to convince the National Cancer
Institute to fund it, and to enroll patients. The 3-year interval
was chosen because a 2-year interval was not substantially
longer than 1 year and more than 3 years was not acceptable
to the participating endoscopy investigators. Their concern
regarding missed significant pathology, especially cancer,
was so high that they insisted on a fecal occult blood test
each year. There had been no prior reports of a 3-year postpo-
lypectomy surveillance interval. Before this, the NPSmodel of
a postpolypectomy randomized trial had never before been
conceptualized. Our analysis showed no difference in the
accumulated percentage of patients with advanced adenomas
in the 2 arms of the study (relative risk, 1.0; 95% confidence
www.giejournal.org
interval, –.5 to 2.2) (Fig. 1). Based on the evidence in this
well-designed clinical trial, it was possible to convince clini-
cians to accept new guidelines recommending the deferral
of the first surveillance colonoscopy to 3 years.1,2,12
CHALLENGES NOW: CAN SURVEILLANCE
INTERVALS BE FURTHER LENGTHENED?

The NPS observation of benefit and risk in deferring the
first surveillance colonoscopy encouraged the concept of
further lengthening this interval.1,13 The European Polyp
Surveillance Study (EPoS) is investigating this concept in a
current RCT. The EPoS randomized patients with low-risk
(ie, nonadvanced) adenomas and high-risk (ie, advanced)
adenomas to shorter and longer intervals, respectively, for
colonoscopy surveillance.14 The scientific environment is
now more favorable to supporting larger trials with a CRC
outcome measure. It has taken many years for clinicians to
become comfortable with the safety of initially deferring the
first surveillance colonoscopy to 3 years and subsequently
deferring low-risk patients to 5 years15 and then more
recently to 5 to 10 years.16-19 Further lengthening of intervals
for surveillance colonoscopies will be accepted based on
well-designed clinical studies. Recent guidelines20 have
reviewed additional cohort and case-control studies, which
have provided evidence for lengthening such surveillance.
CHALLENGE THEN: CAN PATIENTS WITH LOW
RISK FOR SUBSEQUENT CANCER BE
IDENTIFIED FOR LESS-INTENSE
SURVEILLANCE?

Lockhart-Mummery and Dukes10 and Muto et al11

observed that risk of CRC in adenomas correlated with their
pathology. Atkin et al21 reported that subsequent colon
cancer risk was a function of the initial rectosigmoid
adenoma pathology. Based on their findings in this
retrospective cohort study from a pathology registry, Atkin
et al suggested that colonoscopy surveillance may not be
warranted in patients with only a single small rectosigmoid
tubular adenoma. Atkin et al further concluded that follow-
up colonoscopic examinations may be more appropriate for
patients with tubulovillous, villous, or large adenomas in the
rectosigmoid, especially if multiple adenomas are present.21

The NPS prospectively demonstrated that patients with
more-advanced adenoma pathology at baseline had a
greater CRC incidence reduction after polypectomy than
those with nonadvanced pathology.2 The NPS also
demonstrated that patients could be stratified to low and
high risk for future advanced adenomas according to
their baseline adenoma characteristics.1,2 These findings
led to subsequent 2003 guideline15 recommendations of
risk stratification, with low-risk patients having their first sur-
veillance colonoscopy examination at 5 years and those with
high-risk adenomas having surveillance colonoscopy at 3
Volume 93, No. 3 : 2021 GASTROINTESTINAL ENDOSCOPY 721
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Figure 2. Cumulative colorectal cancer incidence in the National Polyp Study (NPS) cohort. The observed colorectal incidence is compared with the
expected incidence on data from 3 reference groups: the Mayo Clinic cohort (United States) with rectosigmoid polyps �1 cm (not removed), the St
Mark’s Hospital in London with rectosigmoid polyps (removed) but no visualization or removal of polyps in the colon, and the U.S. general population
(Surveillance, Epidemiology, and End Results [SEER]) rates for 1983 to 1987. From 1980 to 1990, 1418 patients were followed for 8401 person-years.
(From New England Journal of Medicine, Winawer SJ, Zauber AG, Ho MN, et al, Prevention of colorectal cancer by colonoscopic polypectomy. The
National Polyp Study Workgroup, 329(27):1977-81. Copyright ª [1993] Massachusetts Medical Society. Reprinted with permission.)
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years. The 5-year surveillance for low-risk patients was based
on low rates of advanced adenoma for over subsequent sur-
veillance colonoscopies at 1, 3, and 6 years in the NPS.

Although our NPS results were based on 6 years of surveil-
lance, the guidelines elected 5-year surveillance for low-risk
patients and 3 years for high risk. Five years were used as a
more conservative wait time between surveillance colonos-
copies and an interval more readily adoptable by clinicians.
This surveillance time was also built on an analysis showing
the cumulative risk of advanced adenomas over multiple sur-
veillances. The proportion with advanced adenomas was low
in those with baseline lower risk adenomas.13

CHALLENGE NOW: CAN RISK STRATIFICATION
BE FURTHER DELINEATED?

Repeated studies have validated the risk stratification and
have further expanded low-risk surveillance intervals to 5 to 10
years.16-19 In addition, there is now an emphasis on relating
continued surveillance to thefindings of thefirst surveillance in-
terval.20 Implementation of these concepts would reduce the
burden of surveillance colonoscopy and provide more
efficient use of resources for screening and diagnosis.16-20

CHALLENGE THEN: CAN THE
ADENOMA–CARCINOMA HYPOTHESIS BE
TESTED IN THE NPS MODEL?

The relationship of CRC to pre-existing adenomas was
first reported in 1928 from St Mark’s Hospital in London.10

Proof of the longstanding belief that CRC developed mainly
from pre-existing adenomas would provide a strong basis
for the clinical practice of identifying and removing adeno-
722 GASTROINTESTINAL ENDOSCOPY Volume 93, No. 3 : 2021
matous polyps. There was no feasible and ethical approach
to test the adenoma–carcinoma hypothesis in an RCT in
which patients with adenomas would be randomized into
a group for observation only. The NPS combined patients
from both arms of the surveillance study into a single post-
polypectomy cohort and compared the incidence of CRC
in this cohort from which all polyps had been removed
with an age- and sex-matched cohort from the general pop-
ulation (Surveillance and End Results) and to 2 reference
groups21,22 from the precolonoscopy era with polyps that
had not been removed. Compared with the reference
groups, there was a reduction in CRC incidence of 76%
to 90% after an average follow-up of 5.9 years (Fig. 2).
This supported the longstanding belief in the concept of
the adenoma as the precursor to CRC and the practice of
finding and removing adenomas to prevent CRC.2

Our original article2 included a sensitivity analysis on
incidence reduction by starting the time at risk beginning
2 years after enrollment in the study. This reduced the
number of person-years at risk and subsequently provided
a smaller reduction for the effect of the polypectomy. No
CRCs were detected before 3 years. These sensitivity
CRC reductions were 66% (P < .01) to 86% (P < .001)
rather than 76% to 90%. The 95% confidence intervals per-
taining to these sensitivity analyses were still statistically
significant. However, the importance of the NPS observa-
tion is not the precise number but rather that removing ad-
enomas prevents cancer, proof of a longstanding concept
that was first suggested in the 1928 St Mark’s report.10

This proof provided the rationale for colonoscopic
polypectomy, with colonoscopy possibly as a screening
examination, and the change of screening goals to
include prevention as well as early-stage CRC detection.
www.giejournal.org
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We excluded patients from the RCT who had large (>3
cm) sessile polyps because the endoscopists were reluc-
tant to possibly have those patients’ surveillance deferred
for 3 years. Endoscopists were concerned about random-
izing patients with these lesions to possibly a 3-year de-
ferred follow-up. Even today, such patients with large
sessile polyps are excluded from the 3- versus 5-year sur-
veillance intervals and have a shorter follow-up.

CHALLENGES NOW: WILL THE NPS CRC
INCIDENCE REDUCTION AFTER
POLYPECTOMY BE OBSERVED AFTER
SCREENING COLONOSCOPY?

After the NPS observations that removing adenomas
reduced the expected rate of CRC, several cohort studies
suggested that screening colonoscopy was effective.19,23

There are now 2 randomized trials of screening
colonoscopy compared with control subjects in progress
to test this effect.24,25

CHALLENGE THEN: DOES COLONOSCOPY AND
REMOVAL OF ADENOMAS PREVENT CRC
DEATH?

The benefit of removing adenomas to prevent CRC can
be challenged as overdiagnosis and overtreatment. Perhaps
the cancers emerging from adenomas would never have
surfaced clinically in the patients’ lifetimes or if they had
surfaced would not have been lethal. To address this issue,
the long-term effect on CRC mortality in the NPS postpoly-
pectomy cohort was initiated. All polyps identified on
initial and surveillance colonoscopy were removed regard-
less of size. In a follow-up of the NPS cohort with matching
to the National Death Index, mortality from CRC in pa-
tients with adenomas removed was compared with the
www.giejournal.org
incidence-based mortality in the general population (Sur-
veillance and End Results) and with patients who had non-
adenomatous polyps removed. A 53% reduction in CRC
mortality was seen over a median of 15.8 years in patients
who had adenomas removed compared with that expected
in the general population (Fig. 3).5

However, howmuch surveillance is required for the effec-
tiveness of colonoscopy overall and in low- and high-risk pa-
tients still needs to be determined. NPS surveillance was
tracked for up to only 6 years after polypectomy. We have
shown in a microsimulation modeling analysis that there is
a greater impact on postpolypectomy incidence reduction
from the initial polypectomy than from surveillance.26,27

The NPS CRC mortality analysis supported the hypothe-
sis that colonoscopic removal of adenomatous polyp pre-
vents CRC that is potentially fatal and is therefore of
clinical importance.5 This report helped increase public
awareness of the benefit of screening and surveillance
colonoscopy with removal of adenomas.28,29

CHALLENGES NOW: WILL THE NPS MORTALITY
EFFECT BE TRANSLATED INTO A MORTALITY
EFFECT AFTER SCREENING COLONOSCOPY?

Demonstration by the NPS of a mortality reduction after
colonoscopic polypectomy invited the question of whether
screening colonoscopy with removal of adenomas would
similarly reduce CRC mortality. RCTs of screening colonos-
copy compared with control subjects or fecal immuno-
chemical test results will address this.24,25,30,31

CHALLENGE THEN: IS THERE A FAMILIAL CRC
RISK OF NPS ADENOMA PROBANDS?

A family history of CRC in first-degree relatives is associ-
ated with an increased risk of CRC, especially in younger
Volume 93, No. 3 : 2021 GASTROINTESTINAL ENDOSCOPY 723
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people in prospective studies32 and case-control studies.33

Given that the adenoma is considered to be the precursor
lesion for CRC, whether family members of adenoma
patients would be associated with an increased risk of
CRC warranted further exploration. We asked in the NPS
whether first-degree relatives of patients with adenomas
would have an increased risk for CRC compared with
spouse control subjects.

We therefore conducted a retrospective cohort study in
the NPS and assessed the cumulative risk of CRC in cohorts
of siblings and parents to that of a cohort of spouses. The
CRC status for family members and spouses was obtained
from the adenoma patients. This ensured that knowledge
of the CRC status was equivalent among both family mem-
bers and spouses alike. Adenoma patients who were
referred for colonoscopy because of family history of CRC
were excluded from these analyses. The cumulative CRC
risk was increased for siblings and parents of the adenoma
probands compared with the spouse control subjects, espe-
cially when the adenoma proband was diagnosed before the
age of 60 (Fig. 4). The results from family members of the
adenoma patients replicated that of Fuchs et al32 and St
John et al33 in family members of CRC cases.
CHALLENGE NOW: HOW CAN THE
IDENTIFICATION OF AN ADVANCED
ADENOMA IN A PATIENT BE USED
CLINICALLY?

The NPS data provided the initial rationale that a prema-
lignant polyp identified in a proband at a young age
increased the CRC risk of first-degree relatives who should
begin screening at a younger age and by colonoscopy.
Recent evidence20 indicated that the advanced adenoma is
724 GASTROINTESTINAL ENDOSCOPY Volume 93, No. 3 : 2021
the significant familial risk determinant rather than a
nonadvanced adenoma.34,35 The 2017 Multi-Society Task
Force on CRC screening recommended that an individual
with a first-degree relative with an advanced adenoma or
CRC should begin screening at age 40 years.19 This is
important, but a family history of a pathology-documented
advanced adenoma is often difficult to ascertain. Guidelines
should also emphasize that increased risk screening should
be recommended in first-degree relatives of patients who
had an advanced adenoma resected.

CHALLENGE THEN: HOW CAN A COMPARISON
OF 2 SURVEILLANCE EXAMINATIONS,
DOUBLE-CONTRAST BARIUM ENEMA AND
COLONOSCOPY, BE ASSESSED IN THE NPS
MODEL?

Because of its greater safety and lower costs, the double-
contrast barium enema (DCBE) was considered appropriate
for postpolypectomy surveillance and was used clinically in
the 1970s. No blinded comparison of the 2 modalities
(DCBE and colonoscopy) had been reported. A prospective
comparison of DCBE and colonoscopy was incorporated
into the NPS in which the endoscopist withdrew the endo-
scope by colonic segments and reported observations to a
coordinator who knew theDCBEfindings but the endoscop-
ist was “blinded” to the DCBE report. If the DCBE was pos-
itive and the colonoscopy negative, an “unblinded
reexamination” of the segment was done.4 DCBE detected
only one-third of the adenomas and missed half of the ade-
nomas larger than 1 cm found on colonoscopy. The results
reduced the value of DCBE in postpolypectomy surveil-
lance, in screening, and in the diagnostic workup of patients
with a positive stool occult blood test or flexible sigmoidos-
copy.36 Colonoscopy as the preferred surveillance and
diagnostic test was incorporated into guidelines after this
study.15 The blinded, unblinded colonoscopy in the NPS
also enhanced the quality of the examination because the
endoscopist was aware that a DCBE had been done
approximately 2 weeks before the colonoscopy and that
the results would be unblinded by the coordinator.
Additional colonoscopy quality measures included cecal
landmark identification and segmental and total colon
clearance by the endoscopist based on optimal
visualization and adequacy of preparation. Repeat
colonoscopy to clear all polyps and reach the cecum was
done in 13% of randomized patients. The high quality of
colonoscopy was critical to CRC prevention.2,4

CHALLENGE NOW: CAN THE NPS BLINDED/
UNBLINDED MODEL BE USED TO EVALUATE
NEW MODALITIES OF SCREENING AND
SURVEILLANCE?

Newly introduced examinations could be evaluated us-
ing the NPS blinded/unblinded design. One such test, CT
www.giejournal.org
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colonography, was compared with colonoscopy for the
detection of polyps by using the NPS segmental blinded/
unblinded model.37,38 The model can also be used to
evaluate the accuracy of newer methods for colon
examination. The NPS postpolypectomy model was also
used in several primary prevention studies that would
otherwise require large cohorts followed for a long time
to evaluate CRC incidence and mortality. The NPS
design, randomizing a smaller cohort into intervention
and control groups with advanced adenomas as the
endpoint, was adopted as a more feasible alternative by
many studies. Assessed interventions included fiber,
calcium, celecoxib, and aspirin.39
CHALLENGE THEN: TO DEVELOP A
CLINICALLY MEANINGFUL PATHOLOGY
OUTCOME MEASURE AS A SUBSTITUTE FOR
CRC

The cohort size permitted by the available funding for
the NPS did not permit a large enough study in which
CRC could be an outcome measure. Therefore, we needed
to identify an intermediate CRC surrogate outcome mea-
sure. The studies by Muto et al11 suggesting that
adenoma size and villous pathology correlated with
concomitant CRC was the basis of our decision to
incorporate an advanced adenoma as a CRC surrogate
measure. In 1990 the NPS reported a statistical analysis
of the pathologic characteristics of adenomas accrued to
the study database that demonstrated a stepwise
progression of risk for prevalent high-grade dysplasia, the
precursor to invasive adenocarcinoma, that correlated
independently with increasing size and acquisition of a
villous component. This provided a further underpinning
for the concept of the advanced adenoma having villous
features or large size or high-grade dysplasia as a surrogate
outcome measure.6 We incorporated the advanced
adenoma as an outcome measure in the NPS design in
1977 based only on the cross-sectional relationship of ade-
noma pathology with CRC.11 Atkin et al’s report in 1992,21

which reported follow-up data on the relationship of recto-
sigmoid adenoma pathology to subsequent CRC, further
validated the advanced adenoma as a surrogate cancer
indicator.
CHALLENGE NOW: WILL LARGER TRIALS WITH
LONGER FOLLOW-UP AND CRC AS THE
OUTCOME MEASURE VALIDATE THE
ADVANCED ADENOMA CRC SURROGATE
INDICATOR AS AN IMPORTANT TARGET FOR
SCREENING AND SURVEILLANCE?

With the benefit and CRC risk provided by the NPS, the
research environment changed. Larger studies were
funded. However, what is needed are long-term studies
www.giejournal.org
of varying surveillance intensity to better elucidate the sur-
veillance required for low- and high-risk patients. The EPoS
is one such study14 that when completed can inform the
relationship of the advanced adenoma to CRC as an
outcome measure and as a continued valid screening
goal. In this RCT, the EPoS included both nonadvanced
and advanced adenomas and the cancer outcome
observations for shorter and longer surveillance intervals.14

CAN THE NPS MODEL BE USED TO ADDRESS
ADDITIONAL NEW CHALLENGES?

When the NPS was underway, flat adenomas and
serrated polyps were not in the endoscopist’s or patholo-
gist’s lexicon of polyps. However, a retrospective review
of the archived pathology allowed us to document the
prevalence and associated findings of these new entities
among the cohort. Neither the sessile serrated polyp nor
the flat adenoma was associated with a higher rate of
high-grade dysplasia in synchronous or metachronous ade-
nomas.6,9 This is being further evaluated.14,20

CONCLUSIONS

The NPS introduced the postpolypectomy surveillance
model and proved that removing adenomas prevented le-
thal CRC. This provided the rationale for guidelines to
recommend screening colonoscopy, for RCTs to be initi-
ated to study its effectiveness, and for the goal of CRC
screening to focus on both CRC prevention and detection
of early-stage CRC. The NPS model demonstrated that the
lengthening of postpolypectomy surveillance intervals was
safe and effective, which provided the rationale for guide-
lines to recommend less-frequent and risk-based surveil-
lance and for RCTs to be initiated for further study of
safety and effectiveness. This has become increasingly crit-
ical considering the proliferation of screening worldwide
with the use of higher-definition endoscopes with quality
benchmarks and with the dual goal of screening (preven-
tion and early detection), which has resulted in a large
population of patients that require surveillance. The
sequence of strong scientific studies of both screening
and surveillance followed by evidence-based clinical guide-
lines is critical to address continued challenges to CRC
control.23
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